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D EMOGRAPHIC CHANGES IN THE
US population have resulted in an increase in the numbers of elderly patients and women seeking treatment for cardiovascular disease. In 1975, 24% of patients hospitalized for myocardial infarction (MI) were at least 75 years old. By 1995, this percentage had risen to 37%. 1 Similarly, the percentage of women MI patients has risen from 35% in 1975 to 43% in 1995. 1 Beyond their high prevalence in the MI population, elderly persons and women fare worse following cardiac events. For example, up to 60% of MI deaths occur in patients aged 75 years or older. 2 Elderly patients and women also experience more MI complications including heart failure, shock, and ventricular rupture. 3 Despite these higher risks, published cardiovascular clinical trials have historically underenrolled elderly persons and women relative to younger persons and men. 2, 4 Awareness of these potential biases has stimulated government efforts designed to encourage clinical research to be more representative of the treated population. In 1989, the US Food and Drug Administration (FDA) published Guideline for the Study of Drugs Likely to be Used in the Elderly, which stated that the population studied should reflect the population likely to be treated. 5 Similarly, in 1990 the National Institutes of Health noted that women had been excluded from clini-cal trials without satisfactory explanation. 6 In 1993, the National Institutes of Health Revitalization Act issued guidelines for the inclusion of women as subjects in clinical trials. 7, 8 These guidelines stated that it is "imperative to determine whether the intervention or therapy being studied affects women differently. " We investigated the degree to which growing public and governmental awareness of sex and age biases altered the "representativeness" of cardiovascular clinical trials. Specifically, we examined trends among published randomized controlled trials (RCTs) of acute coronary syndromes (ACS) over the last 25 years to determine whether the percentage of women and elderly persons has increased and how this enrollment compared with disease prevalence.
METHODS

Systematic Review and Study Selection
A literature search using MEDLINE and the Cochrane database of Clinical Trials identified studies published from January 1966 to March 2000. Relevant studies in MEDLINE were identified using the MeSH terms myocardial infarction, unstable angina, or acute coronary syndromes and were limited to the subject headings clinical trials (phase 1, 2, 3, and 4), controlled clinical trials, and randomized clinical trials. Relevant studies in the Cochrane database were identified by the subject headings myocardial infarction, unstable angina, and acute coronary syndromes. The search was supplemented by review of meta-analyses, review articles, and major cardiology textbooks. We identified 7645 potential studies through this initial review process.
Abstracts from all initially identified studies were reviewed for potential inclusion in the study. We included those RCTs of pharmacotherapies and primary angioplasty used in the inhospital treatment of ACS (defined as unstable angina, acute MI, or both). Exclusion criteria consisted of trials enrolling fewer than 50 patients, those solely reporting nonclinical end points, those published in non-Englishlanguage publications, and unpublished manuscripts. After applying these exclusion criteria, our study included 593 unique cardiovascular RCTs.
Data Collection
Included trials were abstracted for year of publication, source of support (ie, funding), pharmacotherapy, study phase, number of study sites, trial location, number of patients, mean age of the study population, and any age exclusion criteria for enrollment. Our prospectively defined primary end points were the percentage of women enrolled and the percentage of enrolled patients who were at least 75 years of age. While definitions of "elderly" vary, this age cut point has been used in multiple prior studies. Distributions by sex were reported in 528 of the trials. The percentage of patients aged 75 years or older was reported in 268 trials and calculated in an additional 139 trials from mean ages and SDs.
The initial data abstraction by one reviewer (P.Y.L.) was validated by a 10% audit by a separate reviewer (S.K.P.) to confirm appropriateness for study inclusion, as well as the accuracy of abstracted data. No disagreement was found between reviewers regarding appropriate inclusion, and only 1 disagreement was found for a trial's total sample size. Agreement between reviewers was also high for the mean age of study patients and percentage of patients aged 75 years or older and for the percentage of trials with explicit age exclusions ( range, 0.92-0.95).
Data Analysis
Trial characteristics were reported as percentages of the overall trial population. Differences were assessed by t test for continuous variables and by 2 test for categorical variables and were considered significant at P = .05. Our primary analyses centered on determining whether enrollment of elderly persons and women in RCTs of ACS increased since 1990 compared with those conducted from 1966 through 1990.
We secondarily examined trends in study enrollment among the first and second half of this past decade. Because studies performed in the Veterans Affairs system were almost exclusively performed in men, we separated these studies from the overall results when assessing degree of enrollment of women.
Using multivariable regression analysis, we also investigated the independent influence of trial sample size, class of drugs under study, source of funding (government vs industry), study location (US vs non-US), year of publication, and whether the study was a single-center or a multicenter trial. Linear regression was used to assess the degree to which study characteristics were associated with the percentage of women included in the trial. Because the majority of trials failed to enroll any patients aged 75 years or older (thereby skewing the data), logistic regression was used to determine characteristics associated with enrolling any elderly patients. During model development, we tested for nonlinear associations and for the potential influence of out-ofrange values. SAS version 8.1 (SAS Institute, Cary, NC) was used for all analyses.
Finally, we compared the percentage of elderly persons and women enrolled in trial populations with those potentially eligible in communitybased MI patient populations. In this comparison, we excluded 59 trials that enrolled only unstable angina patients. Comparisons were made for both the overall MI trial population as well as that of MI trials performed at sites in the United States only. Estimates of community-based MI populations came from data from the National Registry of Myocardial Infarction (NRMI) 9 and from the Worcester Heart Study populations.
1
RESULTS
Study Characteristics
Characteristics of the 593 ACS trials are summarized in TABLE 1. Just over half of the trials were published since 1990. The majority of the trials were multi-center and performed in a single country. Sites in the United States participated in about a third of all ACS trials. Industry funding was the most common source of reported study support. More than 70% of trials enrolled fewer than 500 patients with trial enrollment increasing over time from a median of 181 patients per trial in the period 1966 through 1970 to 309 patients per trial in the period 1995 through 2000. Thrombolytic agents were the most common therapeutic class investigated, followed by antithrombotics. The majority of trials were performed in patients with MI.
Representation of Elderly Patients in Trials
The percentage of RCTs of ACS with explicit protocol exclusions for age actually increased over time, reaching a high of 66.3% during the 1980s (TABLE 2) . After 1990, explicit age exclusions declined. The most common age cutoff among trials with an explicit age exclusion was 75 years. Although some trials did not have protocol-based age exclusions, they still failed to enroll any elderly patients. For example, in the period 1966 through 1990, only 19% of trials enrolled any patients aged 75 years or older. After 1990, enrollment of elderly patients improved. However, even among ACS trials published in the period 1996 through 2000, more than half still failed to enroll at least 1 patient aged 75 years or older (Table 2) .
Between 1966 and 1990, patients aged 75 years or older accounted for only 2% of all patients enrolled in ACS trials. Since 1990, enrollment of elderly patients in RCTs of ACS has risen to 9%. Finally, in just those studies published after 1995 (n=141) or those published studies that initiated patient recruitment after 1995 (n = 29), the percentage of elderly patients enrolled increased to 10% and 13%, respectively. While these are positive trends, the demographics of patients hospitalized with ACS have also changed over time, altering the trial rec r u i t m e n t p o o l . F o r e x a m p l e , FIGURE 1A displays a consistent, wide gap between the proportion of MI patients in the United States aged 75 years or older and their enrollment in all RCTs of MI. A similar gap between MI patient population and trial enrollment exists among the subset of trials performed exclusively in the United States. After accounting for trial characteristics, trial enrollment of elderly patients has not improved more rapidly in US-only trials than in non-US trials (P =.86 for interaction).
Representation of Women in Trials
The percentage of women enrolled in RCTs of ACS increased from 20% during the period 1966 through 1990 to 25% during the period 1991 through 2000 (PϽ.001). Among the most recent trials published after 1995 and those published trials initiating enrollment af- ter 1995, the percentage of women enrolled increased to 27% and 29%, respectively. However, as was seen among elderly patients, the difference between the percentage of US women with MI and the percentages of women with MI enrolled in RCTs in both the United States and overall has remained fairly constant over time ( Figure 1B) . Additionally, a nearly linear relationship was noted between the mean age of patients enrolled in clinical trials and the percentage of women enrolled in these trials (FIGURE 2). Assuming this relationship remained constant, eliminating the age disparity in the study population through targeted enrollment would simultaneously eliminate the gap in the percentage of women enrolled in trials.
Predictors of Trial Enrollment
In our multivariable analyses, year of trial publication and enrollment of more than 5000 patients were the strongest predictors of enrolling any elderly patients and enrolling more women. After controlling for these and other characteristics, antithrombotic and vasodilator trials were significantly more likely to include elderly patients than other therapeutic classes (PϽ.05 for both). Importantly, funding source (government vs industry) and location of the trials (United States vs other) were not significant predictors of trials that enrolled any elderly patients (P=.33 and .19, respectively). Funding source was also not a predictor of higher enrollment of women, but studies with sites in the United States did enroll more women (PϽ.01).
COMMENT
The 1990s truly represent the decade of evidence-based cardiovascular medicine, with more trials being published in this decade than in the past 3 decades combined. While these RCTs have been the "evidence base" for cardiovascular care guidelines, they were predominantly conducted in younger (Ͻ75 years) and in male populations. Moreover, elderly persons and women remain highly underenrolled in the published literature. It remains to be seen whether efforts initiated over the past decade to promote inclusion of elderly persons and women in clinical research will eventually be successful.
The problems of age-and sex-based biases in cardiovascular RCTs performed prior to 1990 were previously documented by Gurwitz and colleagues. 2 They found that between 1966 and 1990, more than 60% of MI trials excluded persons older than 75 years. Gurwitz et al and other researchers have also pointed out that women were being systematically underrepresented in cardiovascular clinical trials. 2, 4 However, since the late 1980s, these and other publications have raised the consciousness of the public and the medical community concerning biases against elderly persons and women in clinical research. 4, 10, 11 Additionally, beginning in 1989, US regulatory agencies have enacted a series of guidelines and funding criteria explicitly designed to reverse these age and sex biases. 5, 7, 8 A recent review of 52 cardiovascular clinical trials funded by the National Heart, Lung, and Blood Insti- tute (NHLBI) gave the first insight into the impact of these trial inclusiveness policies. 12 This study found that, after excluding 2 large single-sex trials of cardiovascular disease (Women's Health Study and Women's Health Initiative), NHLBI-sponsored trials failed to include an appropriate representation of women relative to their disease prevalence.
Our broader analysis examined trial enrollment of women and elderly persons in published RCTs of ACS. Our study also included trials sponsored by government, industry, and foundations, as well as those conducted outside the United States. Consistent with the prior review, 12 we found that both women and elderly persons remain highly underrepresented in the published literature. After accounting for changes in disease demographics, neither group has experienced substantial gains in trial representation (Figure 1) .
We also noted that, to date, studies published from sites in the United States were not significantly better than those from sites outside the United States at enrolling elderly persons. Likewise, government sponsorship of a trial was not a significant predictor of more inclusive trial enrollment. This further casts doubts on whether regulatory recommendations and US funding may yet influence trial enrollment patterns. Finally, we noted that much of the sex disparity in trial enrollment appears to be a byproduct of underenrollment of elderly persons (Figure 2) . If efforts to increase enrollment of elderly persons in trials are successful, this may simultaneously eliminate sex disparities.
Given the lag time between the initiation of trial enrollment and eventual publication in a peer-reviewed journal, it remains possible that legislation and regulations have had positive effects and that ongoing clinical trials may actually enroll a higher percentage of women and elderly patients. However, among studies published 5 or more years after FDA regulatory changes or those that initiated enrollment after 1995, women and elderly patients remain underrepresented relative to their disease prevalence ( Figure 1 ). Thus it may take many years for these regulations to have an effect.
The reasons for underenrollment of elderly persons in cardiovascular RCTs remain unclear. Gurwitz et al 13 and Krumholz et al 14 have postulated that physicians might be reluctant to subject elderly patients to more invasive or risky therapies such as the use of thrombolytics. However, our study paradoxically demonstrated that in certain cases, trials involving more risky therapies (eg, antithrombotics) actually tended to be as likely or more likely to include elderly patients. Others have attributed underenrollment to a perceived difficulty in recruiting or retaining elderly patients in randomized trials. However, existing evidence indicates that elderly patients can be successfully recruited when targeted 15 and appear to be compliant with medication use or follow-up appointments when enrolled. 16, 17 Also, investigators may be reluctant to expose elderly patients with more advanced disease or comorbid illness to experimental therapies. While this concern for patient safety can be appreciated, the net effect of this "protectionism" has been to exclude elderly patients with cardiac disease from evidence-based care.
When treating elderly patients, clinicians must extrapolate from existing trial data for younger patients-a process that can be fraught with hazards, as demonstrated by recent studies. For example, the benefits of thrombolytic therapy, unequivocally demonstrated in younger patients, has recently been associated with higher short-term mortality in MI patients aged 75 years or older. 18 The SHOCK (SHould we emergently revascularize Occluded Coronaries for cardiogenic shocK) trial also found that patients younger than 70 years with extensive MIs had a survival benefit with an interventional approach, yet elderly patients fared better with a conservative approach. 19 Therefore, the universal extension of trial results from a younger, mostly male population to women and elderly patients of both sexes may be inappropriate.
Finally, this paucity of information regarding the safety and efficacy of therapies in women and elderly persons may lead some physicians to withhold treatment in these subgroups. Numerous studies have found that women and (more particularly) elderly persons with cardiac disease are less likely to receive evidencebased drugs and interventions. 14, 20, 21 The extent to which these undertreatment patterns can be reversed by expanding our knowledge in these important subgroups of patients awaits confirmation.
Limitations
This study excluded both non-Englishlanguage trial publications as well as trials with fewer than 50 patients. However, given that larger trials tended to enroll more elderly patients and women, these exclusions most likely make our results conservative. While this study was also limited to cardiovascular trials, reviews in other areas of medicine such as oncology have demonstrated similar results. 22 We also examined only the published literature, and, as noted above, ongoing trial enrollment patterns may be different from those completed and published. Finally, because trials rarely publish the characteristics of their screened populations, it was impossible to deter- mine the degree to which underrepresentation of women and elderly persons can be explained by other exclusion criteria (eg, comorbid illness), patient refusal to participate, or lack of recruitment. Clarification of these reasons should be an important area for future study.
Conclusions
Despite growing awareness in the last decade of potential age and sex biases, there has been only limited improvement in the inclusion of elderly persons and women among cardiovascular RCTs, as evidenced in the published literature. More than half of all recently published trials still failed to enroll any patients aged 75 years or older, and women were consistently enrolled at approximately half of their prevalence in the affected population.
Given that treatment risks and benefits may alter as a function of patient sex and (more particularly) age, regulatory agencies will need to continue to monitor enrollment patterns to ensure that future trials are tested in representative populations. Agencies that fund clinical studies also should provide additional resources to promote enrollment of representative patient populations. These efforts are urgently needed if we are to provide evidence-based care to all cardiac patients.
